The present study aimed to determine the up-to-date prevalence, awareness, treatment, and control of dyslipidemia, and their distribution and related influencing factors in adults in Beijing, China. Method: A cross-sectional study was conducted in 2008, using a four-stratified cluster sampling. Data from a questionnaire, physical examination, and blood sampling were obtained from 5761 adults aged 18-79 years. 
Introduction
Cardiovascular disease (CVD) is the leading cause of mortality worldwide, accounting for 30% of all deaths 1) . Most of this disease burden is in low-and middle-income countries. It has been estimated that annual CVD will increase by more than a half over the coming 20 years in China 2) . Dyslipidemia is one of the most important risk factors for CVD 3) . The results from the Chinese National Nutrition and Health Survey in 2002 (CNHS 2002) demonstrated that the prevalence of dyslipidemia in Chinese adults was 18.6% 4) . With the economic growth and associated lifestyle changes in China, the prevalence of dyslipidemia has increased signif-icantly during the last decade [5] [6] [7] . Despite the growing prevalence of dyslipidemia, a previous study found that the awareness, treatment and control of dyslipidemia remained low in China 8) .
Only a few recent studies have investigated the prevalence and risk factors of dyslipidemia in China, but none of these studies defined dyslipidemia according to the latest Chinese guidelines published in 2007 9) . The cutoff values for high total cholesterol (TC), high low-density lipoprotein cholesterol (LDL-C) and low high-density lipoprotein cholesterol (HDL-C) are higher in the new than in the original guidelines. In addition, little is known about the awareness, treatment and control of dyslipidemia at present; therefore, the aims of the present study were (1) to identify levels of serum lipids among Beijing adults in 2008; (2) to estimate the major type of dyslipidemia, up-to-date prevalence and influence factors of dyslipidemia; and (3) to determine the awareness, treatment and control of dyslipidemia.
Methods

Study Participants
A cross-sectional study of CVD risk factors was conducted in Beijing in 2008. A four-stratified cluster sampling design was employed to select a representative sample of the general population aged 18 to 79 years. The first stage involved the random selection of 20 streets/townships. In the second stage, one residential committee/village and two organizations were randomly selected from each selected street/township. In the third stage, one group of approximately 100 households was randomly sampled from each selected residential committee/village and organization in stage two. In the fourth stage, one individual from each designated household was chosen. The probability proportional to size sampling method was adopted in the first three stages, and a Kish table was used in the final stage. Pregnant women were excluded from this study. Sixty groups in these 20 streets/townships were randomly selected. Finally, 6000 people aged 18 to 79 years were invited to participate in the study, 5899 participants completed the survey and examination, and 5761 (2398 men and 3363 women) were eligible for analysis.
Ethics approval was obtained from the Ethics Committee of Beijing Centers for Disease Control and Prevention. Written informed consent was acquired from each participant prior to enrollment.
Data Collection
Questionnaire Interview
Data were collected at physical examination centers at local health centers or community clinics in the participants' residential area. During the study visit, trained research staff administered a standardized questionnaire to obtain information on demographics, cigarette smoking, alcohol consumption, physical activity, medical history, and family history.
Total alcohol consumption (grams) per week was estimated by asking about the number of liang ( 50 grams) of white spirits, beer, millet wine, and red wine they typically consumed in a week. Participants were also asked how many days (per week) and how much time (minutes per day) they normally participated in different types of physical activity. Metabolic equivalents (METS) of physical activity were calculated by multiplying the number of minutes spent participating in moderate sports activity by 4.0, vigorous sports activity by 8.0, walking by 4.0, moderate home activity by 3.5, vigorous home activity by 7.0, moderate farming by 3.0 and vigorous farming by 8.0 10) .
Anthropometric and Blood Pressure Measurement
During the interview, weight, height and waist circumference were measured. Weight and height were measured in light indoor clothing without shoes using a standardized protocol. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Waist circumference was measured halfway between the lowest rib margin and the iliac crest. Two consecutive readings of blood pressure (BP) were taken on the right arm using a calibrated mercury sphygmomanometer with the participant in a seated position and arm supported at heart level after at least 5 minutes of rest. If the difference in the two systolic or diastolic blood pressures recorded was greater than 4 mmHg, a third measurement was taken. The mean of these two measurements was applied in the subsequent analysis. The cuff size was chosen according to the upper arm circumference. Systolic blood pressure (SBP) was recorded at the first appearance of Korotkoff sounds and diastolic blood pressure (DBP) was recorded at the disappearance (phase ) of Korotkoff sounds.
Laboratory Assay
Twelve-hour fasting venous blood samples were collected in throwaway vacuum tubes and stored temporarily in an ice box. The blood samples were centrifuged at 3500 g for 5 minutes at 4 within 2 hours and then refrigerated at 80 until analysis. All blood samples were analyzed within 5 days. Serum TC, LDL-C, HDL-C, triglycerides (TG) and glucose were measured using colorimetric methods with an Olympus AU2700 automated biochemistry analyzer (Olympus Optical Co., Tokyo, Japan) using commercial reagents (Wako Pure Chemical Industries, Ltd., Osaka, Japan). Reagents in the same batch were used to minimize laboratory variability. All procedures were conducted by trained technicians followed standardized protocols.
Definitions
Dyslipidemia was defined according to Chinese criteria 9) : (1) Dyslipidemia was defined as high TC, and/or high LDL-C and/or low HDL-C, and/or high TG, and/or having received treatment for dyslipidemia in the previous 2 weeks. Participants who had been diagnosed with dyslipidemia were considered to be aware of their condition. Participants were considered to be treated if they answered "yes" to the interview question "Have you taken prescription medicine for dyslipidemia during the past 2 weeks?" Dyslipidemia was considered to be controlled in those receiving treatment if TC 6.22 mmol/L, LDL-C 4.14 mmol/L, HDL-C ≥ 1.04 mmol/L, and TG 2.26 mmol/L.
Hypertension was defined as mean SBP ≥ 140 mmHg and/or mean DBP ≥ 90 mmHg, and/or selfreported antihypertensive treatment in the previous 2 weeks. Diabetes was defined as fasting blood glucose (FBG) ≥ 7.0 mmol/L (126 mg/dL), and/or self-reported pharmacological treatment for diabetes during the previous 2 weeks.
Those who reported having smoked ≥ 100 cigarettes in the past were defined as current smokers if they had smoked in the last 30 days, or past smokers if they had exhibited complete abstinence from cigarette use for at least one month 11) . Drinking categories, classified according to the American National Institute on Alcohol Abuse and Alcoholism, were as follows: never drinkers (had never drunk alcohol), light drinkers ( 7 drinks/week for men and 4 drinks/ week for women), moderate drinkers (7-14 drinks/ week for men and 4-7 drinks/week for women), and at-risk drinkers ( 14 drinks/week for men and 7 drinks/week for women). Participants were grouped into low, moderate and high physical activity categories according to the Global Physical Activity Questionnaire Analysis Guide 12) . Body size was graded according to the Chinese specific criteria 13) for defining underweight (BMI 18.5), normal weight (BMI 18.5-23.9), overweight (BMI 24-27.9), and obesity (BMI ≥ 28). Waist circumference was categorized into three groups 13) : low ( 85 cm for men and 80cm for women), intermediate (85-95 cm for men and 80-90 cm for women) and high ( 95 cm for men and 90 cm for women, as a marker of central obesity).
Statistical Analysis
Mean levels of age, BMI, waist circumference, BP, serum lipids and FBG were determined by sex. The percentage distribution of TC, LDL-C, HDL-C and TG was calculated for the overall population and by sex, age and residential area. Trend 2 and 2 tests were performed to test differences in proportions by age and residential area, respectively. Crude differences among the prevalence of dyslipidemia across participant characteristics (e.g., men versus women) were determined using 2 test. The adjusted odds ratios (ORs) and 95% confidence intervals (CI) of dyslipidemia prevalence with different participant characteristics were determined using a multivariate logistic regression model. In the multivariate model, independent variables included sex, age group, residential area, family history of dyslipidemia, education level, smoking, drinking, physical activity, BMI, waist circumference, hypertension and diabetes.
The awareness, treatment and control of dyslipidemia were calculated by sex, age, and residential area. For these analyses, awareness was restricted to participants with dyslipidemia, treatment to those aware of their diagnosis, and control to those who were being treated. The proportion of participants who were modifying their lifestyle to control their serum lipids among those aware of their dyslipidemia diagnosis was also calculated. All statistical analyses were conducted using Statistical Analysis Systems Software (version 9.1; SAS Institute, Cary, NC). Twotailed P 0.05 was considered significant.
Results
Characteristics of Study Participants
General characteristics of the study participants are shown in Table 1 . The mean TC, LDL-C and HDL-C were slightly higher in urban than in rural areas in women. Mean LDL-C and TG were lower in urban areas in men than in rural areas. The prevalence of hypertension, diabetes and CVD was higher in urban than in rural areas in women.
Distribution of Serum Lipids
The distribution of serum lipids by sex, age and residential area is shown in Table 2 . The prevalence of borderline high and high TC was 29.0% and 12.2%, respectively. The proportion of those who had a desirable TC concentration decreased with age in both sexes. The prevalence of borderline high and high TC was higher in urban than in rural areas in women. The prevalence of borderline high and high LDL-C was 24.2% and 17.9%, respectively. The prevalence of high LDL-C increased with age, and was higher in men 50 years and lower in men ≥ 50 years than in women. The prevalence of borderline high and high LDL-C in men was lower in urban than in rural areas, and a reverse result was found in women. The overall prevalence of low HDL-C was 12.0%. The prevalence of low HDL-C increased with age before 60 years but decreased thereafter in both sexes. The prevalence of borderline high and high TG was 12.3% and 15.1%, respectively. The prevalence for both was higher in men than in women. The prevalence of high TG increased by age until approximately age 50 in men and 60 in women, and then began to decline. The areaspecific prevalence of high TG and low HDL-C did not differ in both sexes.
Prevalence and Influencing Factors of Dyslipidemia
The overall prevalence of dyslipidemia was 35.4% in the general adult population. After excluding participants with CVD or familial hypercholesterolemia (n 100), the prevalence of dyslipidemia was 34.4%. The dyslipidemia prevalence was higher in men than in women, and increased with age ( Table 3) . There was no difference in dyslipidemia prevalence 
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Odds ratio for each variable is adjusted for all other variables shown. Number of participants, including those with or without dyslipidemia. P values: female vs. male, rural vs. urban, no vs. yes (family history), never vs. current and past smokers, hypertensives vs. non-hypertensives, diabetics vs. non-diabetics. P for trend across age groups, educational levels, drinking status, physical activity levels, BMI categories, and waist circumference categories, respectively. OR, odds ratio; CI, confidence intervals; BMI, body mass index; family history, family history of dyslipidemia. between rural and urban areas. A higher prevalence of dyslipidemia was found among those who had a family history of dyslipidemia, lower educational attainment, were current/past smokers, drinkers, had high physical activity, were overweight and obese, or had a larger waist circumference, hypertensive or diabetes (all P 0.01). Results of multiple logistic regression analysis revealed that the presence of dyslipidemia was significant associated with male gender, age (≥ 30 years), a family history of dyslipidemia, education at college or above, being a current smoker, overweight and obesity, and having an intermediate or high waist circumference, hypertension and diabetes. Risk factors for high LDL-C identified by the multiple regression model were as follow: female gender, age (≥ 40 years), education at college or above, being a current smoker, overweight, having intermediate or high waist circumference, hypertension and diabetes (data not shown).
Awareness, Treatment and Control of Dyslipidemia
Among all participants with dyslipidemia, 22.2% (20.7% in men and 23.6% in women) were aware of the diagnosis, 10.2% (9.6% in men and 10.8% in women) were receiving treatment, and 3.8% (2.8% in men and 4.9% in women) had their dyslipidemia under control. Awareness increased with age in both men and women (Table 4) . Women in rural areas (18.6%) were less aware than women in urban areas (28.9%). Of 450 participants aware of their dyslipidemia, 46.1% (46.7% in men and 45.6% in women) reported using drugs for dyslipidemia. The proportion of treated individuals increased with age. Of those who were receiving treatment, the percentage of participants with controlled dyslipidemia was 37.8% (29.6% in men and 45.4% in women). The percentage of controlled dyslipidemia increased with age in men but not in women. The percentage of treated and controlled dyslipidemia was similar in rural and urban areas in both sexes, respectively.
Of those aware of their dyslipidemia diagnosis, 51.0% had modified their lifestyle (Table 5) , such as diet control (39.9%) and exercise (37.4%). Overall, 24.5% of those aware of their dyslipidemia were not receiving treatment or modifying their lifestyle.
Discussion
Our results highlight three important conclusions. First, the major type of dyslipidemia in Beijing is high LDL-C rather than high TG or low HDL-C. The prevalence of borderline high and high LDL-C Third, control of dyslipidemia is poor. In those with dyslipidemia, 22.2% were aware of their dyslipidemia, 10.2% were receiving treatment, and 3.8% had their serum lipids under control. Even in those who reported that they were taking treatment for dyslipidemia, only 37.8% had their serum lipids controlled. The mean serum TC, LDL-C and TG in China have increased rapidly in the last decade 4, 14, 15) . Findings from CNHS 2002 4, 9) showed that the mean levels of TC, LDL-C and TG were 3.81 mmol/L (147.1 mg/dL), 2.12 mmol/L (81.9 mg/dL) and 1.10 mmol/L (97.3 mg/dL), respectively, which were relatively low; however, the corresponding mean levels observed in the current study were 5.05 mmol/L (195.0 mg/dL), 3.27 mmol/L (126.3 mg/dL) and 1.53 mmol/L (135.4 mg/dL), respectively, which suggested that the mean serum TC, LDL-C and TG in Beijing is coming close to those in developed countries, such as Australasia, North America, and western Europe 16, 17) . Notably, the mean level of serum HDL-C also increased slightly.
With the substantial increase in the mean level of serum TC and LDL-C, the major types of dyslipidemia in Beijing have changed. Previous studies demonstrated that the major types of dyslipidemia in China are high TG and low HDL-C 6, 8, 18) ; however, the results of our study showed that less than 60% of participants had their TC or LDL-C concentration in the desirable range. On the other hand, more than 70% of participants had achieved the ideal serum TG. The prevalence of high TC, high LDL-C, low HDL-C and high TG was 12.2%, 17.9%, 12.0% and 15.1%, respectively. In view of the above points, it is clear that the major types of dyslipidemia in Beijing are high TC and high LDL-C, similar to western countries 16) . Beijing, as one of the most urbanized cities in China, has experienced rapid urbanization and marked economic growth, which are accompanied by detrimental changes in diet and lifestyle. The change in dyslipidemia types may be the consequence of economic development, urbanization, and nutritional transition. This new finding should be of great concern, and more studies in China should be conducted to assess the dyslipidemia types in different regions and to evaluate the association between dyslipidemia and lifestyle and dietary patterns.
A few regional studies have examined the prevalence of dyslipidemia in Chinese populations recently 5, 14, 15) , but none of these studies reported the dyslipidemia prevalence according to the latest Chinese criteria 9) . Based on the new criteria in China, we report here the prevalence of dyslipidemia among adults in Beijing using data obtained in 2008. Overall, 35.4% of participants had dyslipidemia (including high TC, high LDL-C, low HDL-C, high TG, or self-reported current use of anti-dyslipidemia medications). Our findings, together with other studies 5, 18, 19) , confirmed that the prevalence of dyslipidemia is increasing in China. For example, in a cross-sectional study among 6412 rural hypertensives aged ≥ 35years, 37.2% had dyslipidemia 5) . It is apparent that China is going to experience a large increase in the prevalence of cardiovascular-related morbidity and mortality, which will bring an enormous future burden on the health care system.
Several well-established risk factors for dyslipidemia 18, [20] [21] [22] [23] , including age, family history of dyslipidemia, current smoking, overweight and obesity, were clearly associated with dyslipidemia in the present study. The increased prevalence of dyslipidemia may be partially attributed to an increase in the prevalence of overweight and obesity. In 2002, approximately 30% of adult city dwellers in China were affected by overweight or obesity 18) , whereas the corresponding proportion in our study was 56.8%. Age also contributes to the increased prevalence of dyslipidemia. In our study, the prevalence of dyslipidemia increased from 19.1% in the 18-29 year age group to 51.5% in the 60-79 year age group. With the aging population trend in China, the picture of the public health burden posed by dyslipidemia will be aggravated. Our results also indicated that male gender and education at college or above were related to dyslipidemia. Our data highlight the relationships among hypertension, diabetes and dyslipidemia; 49.7% of hypertensives and 60.0% of diabetics had dyslipidemia. The presence of hypertension or diabetes led to a higher odds ratio for dyslipidemia even after adjusting for other relative variables (OR 1.31 and OR 1.74, respectively). More attention should be paid to those with an additional comorbid condition, given that dyslipidemia, hypertension and diabetes are established risk factors for CVD morbidity and mortality 3) . It is noteworthy that we observed a similar prevalence of dyslipidemia in rural (35.3%) and urban (35.8%) areas in Beijing. In previous Chinese surveys, there was a great disparity in the prevalence of dyslipidemia between rural and urban areas 8, 18) . It is suggested that the growth in the prevalence of dyslipidemia is faster in rural than in urban areas. If this trend continues, the prevalence of dyslipidemia in Beijing might be greater in rural than urban areas in the next few years.
It was reported by InterASIA that the proportion of individuals aware, treated, and with controlled serum lipids among participants with dyslipidemia was unacceptably low in the Chinese population 8) . Similar disappointing results were also found in our study, as only 3.8% of those with dyslipidemia had their serum lipids controlled. The poor control of dyslipidemia can be explained in part by a lack of awareness and treatment. Nearly four-fifths of participants with dyslipidemia were unaware of their condition. Despite the growing evidence of the benefit of controlling serum lipids 24) , poor compliance with recommended medication use for lipid control was seen in our study. More than 50% of those who were aware of their diagnosis failed to receive treatment. The proportion of awareness and treatment increased with age, which was consistent with studies in America 25, 26) . Older adults may have increased screening and are more likely to be on medication 27) because they are more likely to have dyslipidemia than younger adults. It should be noted that the awareness in young people was extremely low. Our findings underscore the need for efforts to identify adults with dyslipidemia through increased screening, and to improve the treatment rate.
However, medication alone will not solve the problem of dyslipidemia control completely. In the current study, even in those who were receiving treatment for dyslipidemia, only 29.6% men and 45.4% women had their serum lipids controlled. Other intervention and observed studies have shown that lifestyle changes are effective in controlling serum lipids 26, 28, 29) . Furthermore, the combination of medication and lifestyle changes is more effective in controlling serum lipids than medication or lifestyle changes alone. In our study, among those aware of their dyslipidemia, only 46.1% were taking medication, 51.0% were practicing one or more lifestyle changes, and 24.5% were following no medical recommendations (no lifestyle changes and not taking anti-dyslipidemia medication). Specific interventions to improve adherence to medical recommendations should be implemented, such as using financial and regulatory mechanisms to encourage a healthy diets 30) , and creating a friendly environment for physical activity to promote physical exercise 31) . The findings of the present analysis should be interpreted with an understanding of the following potential limitations. Potential sources of bias include recall bias of self-reported information, and possible serum lipid control by non-pharmacological means, such as diet or/and exercise. The Chinese criteria were adopted to define dyslipidemia; therefore, it is not straighforward for us to compare our results with those in other countries directly. Finally, this was a cross-sectional study, thus no causal relationships could be precisely delineated.
In conclusion, our study provides reliable and up-to-date information on dyslipidemia in the adult population in Beijing. The major type of dyslipidemia was high LDL-C rather than high TG. The prevalence of dyslipidemia was high in both rural and urban areas, with unacceptable low awareness, treatment and control. Our results suggest that renewed efforts are needed to lower the prevalence of dyslipidemia and to raise the proportion of controlled dyslipidemia. These efforts should include aggressive promotion of a healthy lifestyle, and a comprehensive strategy toward screening, treatment, and control of dyslipidemia.
